LIQUID EJECTING RECORDING HEAD 
AND LIQUID EJECTING RECORDING APPARATUS 



FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to a liquid 
ejecting recording head and a liquid ejection 
recording apparatus, which apply various liquids, for 
example, inks different in color, to recording media, 
for example, a sheet of paper. In particular, it 
relates to a liquid ejecting recording head and a 



liquid ejecting recording apparatus, which are 
employed by a bidirectional printing apparatus, that 
is, a printing apparatus capable of recording in 
either the forward or backward direction by moving a 
recording head in a manner to scan a piece of 
recording medium. 



particular, an ink jet type printing apparatus, 
improvement in recording speed in color mode is an 
essential theme. As means for improving recording 
speed, increasing the frequency with which a recording 
head is driven, and bidirectional printing, are 
generally considered, in addition to lengthening a 
recording head. In bidirectional printing, the energy 
necessary for printing is virtually uniformly 
distributed throughout the time spent for an actual 
printing process. Thus, bidirectional printing is 



In the field of a printing apparatus, in 
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more effective compared to unidirectional printing , in 
terms of total operational cost* 

However, bidirectional printing suffers from 
an inherent problem. That is, it is liable to produce 
5 color anomaly in the form of stripes. This is due to 
the fact that in a printing apparatus of a 
bidirectional printing type, the order in which 
various color inks are applied when the printing head 

0 is moved in one direction in the primary scanning 
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SJ 10 direction is different from the order in which various 

fy color inks are applied when it is moved in the other 

hj direction in the primary scanning direction; 

1 admittedly the extent of the color anomaly is related 
Ll to printing head configuration. Since this problem is 

■3=2 = 

l J* 15 caused by the order in which inks are applied, 

D overlapping of dots different in color results in a 

certain amount of color aberration, no matter how 
small the amount of the overlapping. 

Laid-Open Japanese Patent Application 58- 
20 208,143/1983 discloses a liquid ejecting recording 
head structure for solving the above described 
problem. According to this patent application, 
nozzles for different color inks are aligned in the 
secondary scanning direction. 
25 Laid-Open Japanese Patent Application 58- 

179,653/1983 discloses a liquid ejection recording 
head structure which comprises a nozzle set for the 
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forward direction and a nozzle set for the returning 
direction. According to this patent application, one 
set of nozzles is used when moving a recording head in 
one direction, and another set of nozzles is used when 
moving the recording head in the opposite direction; 
in other words, a switch in nozzle set is made 
depending on, in which direction in the primary 
scanning direction a recording head is moved. The 
recording head in this patent application comprises a 
combination of a yellow ink ejecting recording head (Y 
recording head), a magenta ink recording head (M 
recording head), a cyan ink recording head (C 
recording head), and a black ink recording head (Bk 
recording head) . 



Application 58-215,352/1983 discloses a recording head 
structure, according to which a recording cartridge 
comprises a group of recording heads, which are 
different in the color of the inks they eject, and are 
staggered relative to each other in the direction in 
which recording medium is conveyed. This structural 
arrangement makes it possible to increase the ejection 
orifice pitch of each recording head relative to a 
desired image resolution. Therefore, it is superior 
in that a high resolution image can be easily formed 
with the use of this structural arrangement. 



Further, Japanese Laid-Open Patent 



However, a structure such as the one 
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disclosed in Japanese Laid-Open Patent Application 1- 
208, 143/1989 makes a recording head relatively long 
compared to the size of the recording area covered by 
each color, creating a problem in that this structure 
makes apparatus dimension relatively large in terms of 
the secondary scanning direction. 

On the other hand, a structure such as the 
one disclosed in Japanese Laid-Open Patent 
Applications 58-208143/1983 and 58-215352/1983 
increases head size in the primary scanning direction, 
creating a problem in that this structure makes 
apparatus dimension increases in terms of the primary 
scanning direction. Increase of recording head size 
in the primary scanning direction results in increase 
in scanning time, being undesirable from the 
standpoint of high speed recording. 

A structure such as the one disclosed in 
Japanese Laid-Open Patent Application 58-215,352/1983 
causes head misalignment relative to each other when a 
plurality of heads are combined to form a recording 
head portion; in other words, it is liable to cause 
production errors. In particular, in the case of a 
recording head portion which ejects four different 
color inks, that is, Y, M, C, and Bk inks, the 
recording heads must be fixed in the order of Y-Bk-M- 
C-C-M-Bk-Y, with each recording head being displaced 
from the adjacent recording head by half a nozzle 



pitch. Assembling this type of recording head portion 
is liable to make the structure for aligning the 
plurality of recording heads complicated, as well as 
to increase the size of such a structure. 

SUMMARY OF THE INVENTION 

One of the primary objects of the present 
invention is to solve the various problems of a 
recording head capable of bidirectionally recording, 
for example, a problem that employment of such a 
recording head is liable to make a recording apparatus 
large, a problem that such a recording head is 
difficult to uniformly mass-produce, and the like 
problems, so that it becomes possible to provide a 
superior compact liquid ejecting recording head and a 
superior compact liquid ejecting recording apparatus, 
that is, a compact liquid ejecting recording head and 
a compact recording apparatus which are capable of 
producing a high resolution image of high quality in 
spite of their compact size. 



provide a liquid ejecting recording head which records 
by ejecting a first liquid, and a second liquid 
different from the first liquid, from a group of 
ejection orifices and another group of ejection 
orifices, respectively, while being bidirectionally 
moved along the surface of recording medium, and is 



Another object of the present invention is to 
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characterized in that the ejection orifices are 
divided into first and second groups in which the 
ejection -orifices are aligned at a predetermined 
pitch, in first and second columns, and third and 
fourth columns, respectively, in the direction 
different from the direction in which the recording 
head is bidirectionally moved in the scanning manner, 
as well as in a plurality of rows, in the same 
direction as the direction in which the recording head 
is bidirectionally moved in the scanning manner; the 
first and second groups are placed adjacent to each 
other in such a manner that the first and third 
columns of ejection orifices in the first and second 
groups, respectively, are placed adjacent to each 
other; the first and second columns of ejection 
orifices, that is, the two columns of ejection 
orifices in the first group of ejection orifices, 
eject the first and second liquids, respectively, and 
the third and fourth ejection orifice columns, that 
is, the two columns of ejection orifices in the second 
group of ejection orifices, eject the first and second 
liquids, respectively; and the first and second groups 
of ejection orifices are staggered from each other in 
the column direction so that the first and second 
groups of ejection orifices compensate for each other 
in terms of the aforementioned primary scanning 
direction. 




According to the above described liquid 



ejecting head, a color image with a desired high 
resolution can be produced simply by fixing the 
positional relationship between the first and second 
groups of ejection orifice columns. Further, the 
first and second groups of ejection orifice columns 
are disposed adjacent to each other in such a manner 
that the third and first ejection orifice columns in 
the first and second groups of ejection orifice 
columns, respectively, which eject the same liquid, or 
the first liquid, are placed adjacent to each other. 
Therefore, it is possible to make the third and first 
ejection orifice columns in the first and second 
groups of ejection orifice columns, respectively, 
share the same liquid supplying path, allowing 
recording head size to be reduced in both the primary 
and secondary scanning direction of the recording 
head. 



above described structure arrangement, the following 
structures, the details of which will be described 
later, may be listed. Although these additional 
structures are capable of independently displaying 
remarkable effects, a structure created by combining a 
plurality of combinable structures among the 
aforementioned additional structures will be superior 
in terms of the object of the present invention, 



As preferable additional structures to the 




because of synergistic effects from the combination. 

The above described liquid ejecting head may 
be provided with a common liquid chamber from which 
the aforementioned first liquid is supplied to both 
the third ejection orifice column of the first 
ejection orifice group, and the first ejection orifice 
columns of the second ejection orifice group. 

The ejection orifice columns in the first and 
second ejection orifice groups do not need to be 
limited to those which eject either the first or 
second liquid. In other words, the first and second 
ejection orifice groups may comprise an ejection 
orifice column for ejecting a third liquid different 
from both the first and second liquids. In 
particular, when yellow, magenta, and cyan inks are 
used, the first liquid is desired to be yellow ink. 

In order to achieve a higher level of image 
quality while bidirectionally printing, the ejection 
orifice columns in the first and second ejection 
orifice groups are desired to be arranged in such a 
manner that the two ejection orifice columns which are 
identical in the liquid they eject are virtually 
symmetrically disposed with respect to the third 
ejection orifice column of the first ejection orifice 
group (or first ejection orifice column of the second 
ejection orifice group) . 

The ejection orifice column for ejecting, 
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for example, black ink, may be separately disposed 
from the first and second groups of ejection 
orifices. 

The first and second groups of ejection 
orifices may be integrally placed on a single orifice 
plate. Also, groups of energy transducing elements 
for ejecting liquid from corresponding ejection 
orifice groups may also be placed on a single 
substrate. Integrating the components and portions of 
a recording head as described above eliminates the 
need for aligning the ejection orifice groups relative 
to each other, making it possible to easily provide a 
more precise recording head. 

As the material for the substrate on which 
the groups of energy transducing elements are 
disposed, silicon is desirable. When forming the 
through holes through which liquid is supplied, by 
anisotropic etching, the crystal face orientation of 
silicon is desired to be <100> or <110>. The orifice 
plate material is desired to be photosensitive epoxy 
resin so that the aforementioned groups of ejection 
orifices can be easily formed in highly precise 
patterns of columns and rows. 

Another object of the present invention is to 
provide a liquid ejecting recording head which records 
by ejecting a first liquid, and a second liquid 
different from the first liquid, from one group of 
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ejection orifices and another group of ejection 
orifices, respectively, while being bidirectionally 
moved along the surface of recording medium, and is 
characterized in that it comprises an orifice plate 
5 provided with a plurality of ejection orifices aligned 
in a plurality of columns at a predetermined pitch in 
the direction different from the aforementioned 
primary scanning direction, and a substrate on which 
O not only energy transducing elements for ejecting 

10 liquid are disposed in alignment with the ejection 
Py orifices of the orifice plate, but also liquid 

rfj supplying paths for supplying the columns of ejection 

^ orifices of the orifice plate, and a driver circuit 

for driving the energy transducing elements, are 

W 15 disposed; the ejection orifices of the orifice plate 

fU 

Q are aligned in four columns in the direction different 

from the primary scanning direction, in the order of 
the first column which ejects the second liquid, the 
second column which ejects the first liquid, the third 

20 column which ejects the first liquid, and the fourth 

column which ejects the second liquid, in terms of the 
primary direction; and a single liquid supply path for 
supplying the first liquid supplies both the second 
and third columns of ejection orifices with the first 

25 liquid. 

According to the above described recording 
head, it is unnecessary to adjust the positional 



relationship between the two groups of ejection 
orifices, making it easier to provide a highly precise 
head. Further , the liquid supplying path for one 
column of ejection orifices, and the liquid supplying 
path for another column of ejection orifices adjacent 
to the first column of ejection orifices can be 
integrated into a single liquid supplying path, making 
it possible to reduce recording head size in both the 
primary and secondary scanning directions. In 
addition, it is possible to place the aforementioned 
driver circuit in the area in which no liquid 
supplying holes are present. 

In this specification, "recording medium" 
means not only such paper that is used by an ordinary 
printing apparatus, but also fabric, plastic film, 
metallic plate, and the like, in other words, a wide 
range of media capable of taking ink. 

"Ink" means such liquid that is used to form 
an image, an abstract pattern, and the like, or to 
process printing medium, by being applied to printing 
medium. 

"Pixel region" means a smallest unit of 
region to which a single or a plurality of droplets of 
ink to exhibit a primary or secondary color. Not only 
does it include a standard pixel, but also a super 
pixel and a sub-pixel. The number of scanning runs 
for completing a single pixel does not need to be one; 
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it may be two or more. 

Further, "process color" includes secondary 
color, that is, color exhibited by mixing three or 
more inks on printing medium. 

As described above, according to the present 
invention, a color image with a desired high level of 
resolution can be produced simply by adjusting the 
positional relationship between the first and second 
groups of ejection orifices. Further, the first and 
second groups of ejection orifices can be placed 
adjacent to each other in such a manner that the 
ejection orifice column in the first ejection orifice 
group, which ejects the first liquid, and the ejection 
orifice column in the second ejection orifice group, 
which also eject the first liquid, are placed adjacent 
to each other, making it possible to make these two 
columns of ejection orifices share the same liquid 
path. Consequently, recording head size can be 
reduced in both the primary and secondary scanning 
directions, and it becomes easy to print at high 
speed, without causing unevenness in color, even in 
bidirectional printing . 

These and other objects, features, and 
advantages of the present invention will become more 
apparent upon consideration of the following 
description of the preferred embodiments of the 
present invention, taken in conjunction with the 
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accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure A is a schematic drawing which depicts 
5 the essential portion of the recording head in the 
first embodiment of the present invention. 

Figured is a schematic drawing which depicts 
an example of a recording head cartridge which holds 
the recording head in the first embodiment of the 
Q 10 p resent i nvent i on . 

jr § Figured is a schematic drawing which depicts 

*! the essential portion of the recording head in the 

second embodiment of the present invention. 
N= Figure 4 is a schematic drawing which depicts 

Oj 15 an example of a recording head cartridge which holds 

p the recording head in the second embodiment of the 

O 

present invention. 

Figure is a schematic drawing which depicts 
the essential portion of the recording head in the 
20 third embodiment of the present invention. 

Figure £/"is a schematic drawing which depicts 
the essential portion of the recording head in the 
fourth embodiment of the present invention. 

Figure ^ is a schematic drawing which depicts 
25 an example of the relationship between the ejection 
nozzle position and pixel structure in an embodiment 
of the present invention. 
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Figure ^ is a schematic drawing which shows 
the image formation sequence through which an image is 
formed by a recording head in accordance with the 
present invention, while which prints bidirectionally . 

Figured is an enlarged drawing which shows 
the extent of dot expansion relative to a single pixel 
in Figure 7. 

Figure \flf is a schematic drawing of an 
example of a recording apparatus in which a liquid 
ejecting recording head in accordance with the present 
invention can be mounted. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present 
invention will be described in detail with reference 
to the appended drawings. 
Embodiment 1 

Figure 1 is a schematic drawing which shows 
the essential portion of the recording head in the 
first embodiment of the present invention. Figure 
1(a) is a top view, and Figure 1(b) is a schematic 
drawing for describing the positioning of the ejection 
orifices. Figure 1(c) is a sectional drawing. As is 
shown in Figure 1(c), a recording head 300 in this 
embodiment comprises a substrate 7 inclusive of 
exothermal elements 5 as energy transducers, and an 
orifice plate 6 which has ejection orifices 1. 

Of 



In this embodiment, the substrate 7 is formed 
of a single crystal with a crystal face orientation of 
<100>. Referring to Figure 1(a), the top surface 
(surface which joins the surface of the orifice plate 
6) of this substrate 7 has exothermic elements 5, a 
driver circuit 3 comprising driver transistors and the 
like for driving these exothermic elements 5, a 
contact pad 9 for a wiring plate, which will be 
described later, wires 8 and the like which connect 
the driver circuit 3 and contact pad 9, and the like. 
These components are formed with the use of a 
semiconductor manufacturing process. Further, the 
substrate 7 has five through holes, which were formed 
in the region across which the aforementioned driver 
circuit 3, exothermic elements 5, wiring 8, and 
contact pad 9 are not present, with the use of 
anisotropic etching. These holes constitute ink 
supplying holes 2 and 2a for supplying columns 21-23 
and 31 - 33 of ejection orifices, correspondingly. 
Incidentally, Figure 1(a) schematically shows the 
substrate 7 on which the orifice plate 6, which is 
virtually transparent, is placed. In the drawing, the 
aforementioned ink supplying holes are not 
illustrated. 

In this embodiment, the orifice plate 6 
placed on the substrate 7 is formed of photosensitive 
epoxy resin, and is provided with ejection orifices 1 
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and liquid paths 10, which were formed in alignment 
with the aforementioned exothermic elements, with the 
use of a process such as the one recorded in Japanese 
Laid-Open Patent Application 62-264,957/1987. More 
specifically, as is described in Japanese Laid-Open 
Patent Application 9-11,479/1997, after silicon oxide 
film or silicon nitride film was formed on the silicon 
substrate, the orifice plate with the through holes 
and liquid paths was formed, and the silicon oxide 
film or silicon nitride film was removed from the 
regions correspondent to the ink supplying holes, with 
the use of the aforementioned anisotropic etching. 
This method is desirable because it makes it possible 
to produce such an ink jet head that is inexpensive 
and yet highly precise. 

The recording head 300 having the above 
described substrate 7 and orifice plate 6 records by 
ejecting liquid, for example, ink, from the ejection 
orifices 1 with the use of the pressure from the 
bubbles generated through the film boiling caused by 
the thermal energy applied by the electrothermal 
transducers 5. As shown in Figure 2(a), the recording 
head 300 is fixed to an ink path member 12 connected 
to the aforementioned ink supplying holes, causing the 
contact pad to be placed in contact with the wiring 
plate 13. As the contact pad is placed in contact 
with the wiring plate 13, an electrical contact 



portion 11 of this wiring plate is placed in contact 
with the electrical contact portion of a recording 
apparatus which will be described later. As a result, 
the recording head 300 can receive driving signals or 
the like from the recording apparatus. Figure 2(b) is 
a perspective view which shows an example of the 
recording head cartridge 100 equipped with the 
recording head 300 in accordance with the present 
invention. As shown in Figure 2(b), this recording 
head cartridge is provided with an ink container 
holder 150 in which ink containers 200 (200Y, 200M, 
and 200C) for supplying inks to the aforementioned ink 
path member 12 are held. 



embodiment ite provided with a plurality of ejection 
orifices 1 wlrich are arranged with a predetermined 
pitch, formincA plural columns 21 - 23, and 31 - 33, of 
ejection orifices, which are virtually parallel to 
each other. In ICigure 1(a), among the ejection 
orifice columns 2a - 23, the i-th ejection orifice in 
each column of ejection orifices, counting from the 
top side of the drawing, aligns with the i-th ejection 
orifices in the other Volumns of ejection orifices, in 
the direction indicated\in Figure 1(a). In other 
words, the ejection orifice columns 21 - 23 in this 
embodiment are arranged soYthat the direction in which 
the i-th ejection orifice imeach column of ejection 




Further, the recording head in this 
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orifices, counting from the top side of the drawing, 
is aligned with the i-th ejection orifices in the 
other columns of ejection orifices, coincides with the 
direction in which the recording head mounted in the 
recording apparatus, which will be described later, is 
moved in a manner of scanning. The ejection orifice 
columns 21 - 23 makes up a first ejection orifice 
group 20. The ejection orifice columns 31 - 33 are 
arranged in the same manner as the ejection orifice 
columns 21 - 23, and makes up a second ejection 
orifice group 30, which is disposed adjacent to the 
first ejection orifice group 20. 

^^^7 In this embodiment, among the six ejection 
orifice coi\imns constituting two groups of ejection 
orifices, thk outermost ejection column of each group, 
that is, the ejection orifice columns 23 and 33, are 
assigned to ejeVt cyan (C), and ejection orifice 
columns 22 and 33V are assigned to eject magenta (M) . 
The innermost ejection orifice columns 21 and 33, 
which are adjacent each other, are assigned to 
eject yellow (Y). TWus, yellow ink is supplied to the 
aforementioned ink supplying hole 2a (ink supplying 
hole located in the center) from the aforementioned 
ink container 200, and magenta ink is supplied to the 
ink supplying holes 2 adjacent to the ink supplying 
hole 2a, from the ink container 200M. Cyan ink is 
supplied to the outermost ink supplying holes 2 from 
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slie ink container 200C. As is evident from the above 
description, the ink supplying hole 2a in the center 
supplies two ejection orifice columns 21 and 31 with 
liquid\and functions, along with the liquid path 10a, 
as d cuMi^ii liquid chamber for the two ejection 
orifice columns 21 and 31. 

S^^7 Aa l described above, in this embodiment, the 
ejection orifices aligned in a plurality of columns, 
and the plurality of ejection orifice columns are 
divided into \wo groups which are identical to each 
other in the number of inks and colors of inks. 
Further, the ejection orifice columns and the driving 
circuits therefcxr are virtually symmetrically disposed 
with respect to the approximate center line which 
divides the ejection orifice columns into the first 
and second groups .\ With this arrangement, the through 
holes as the ink supplying -holes 2 and 2a, driver 
circuits, exothermici elements, and the like, can be 
positioned on the substrate, with even intervals and a 
high level of spacial \ef f iciency. In this embodiment, 
the size of each exothermic element 5 is 30 m x 30 
m, and the widths of thev ejection orifice, driver 
circuit, and wiring (a irA Figure 1(a)) are 1.2 mm. 
The width of the top opening (b in Figure 1(c) of the 
ink supplying hole 2 is 0.2\mm. Thus, the substrate 
size may be 8.2 mm (= 2 x 6 V 0.2 x 5). Being able to 
reduce the substrate size as described above is 
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advajntageous in that it makes it possible to reduce 
the capacity of the memory for holding the transfer 
data rroro a recording head, in proportion to the 
substrate size. 

In addition, in this embodiment, as is 
evident from Figures 1(a) and 1(b) , the first ejection 
orifice column group 20 and second ejection orifice 
column group 30 are staggered in the ejection orifice 
column direction so that the ejection orifices of the 
ejection orifice columns 21 - 23 which make up the 
first ejection orifice column group 20, and the 
ejection orifices of the ejection orifice columns 
which make up the ejection orifice column group 30, 
compensate among themselves in terms of the 
aforementioned scanning direction. Further, as is 
evident from Figure 1(b), each of the ejection orifice 
columns of the first and second ejection orifice 
column groups has 128 ejection orifices which are 
aligned with an interval (pitch) of approximately 40 
pm: t 1 = t 2 = 40 n (1/600 inch). The ejection orifice 
column 21 is staggered from the ejection orifice 
column 31 in the secondary scanning direction of the 
recording head (in this embodiment, this direction 
coincides with the direction of each ejection orifice 
column) by exactly 1/2 pitch (t 3 = 1/2 t x = 20 pm) . 

At this point, an example of the recording 
method by this recording head will be described with 
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reference to Figures 7 and 8. 

In this embodiment, recording is effected by 
ejecting approximately 8 pis of ink from each nozzle. 
The recording apparatus (Figure 10) in which the 
recording head in this embodiment is mounted is 
capable of operating in two different modes, that is, 
high speed mode and high resolution mode, to form an 
image. 

Figures 7 and 8 are schematic drawings which 
depict an image forming operation in the 
aforementioned high speed mode. In this high speed 
mode, in order to reduce the time used for image 
processing and data transfer, two liquid droplets are 
deposited in each pixel in such a manner that the 
location on which one liquid droplet lands differs 
from the location on which the other liquid droplet 
lands. Incidentally, the pixel density in this 
embodiment is 600 pixels per inch in both the primary 
and secondary scanning direction. Figure 7 shows a 
case in which cyan and yellow dots were recorded on 
the same spot. A pixel (p) 230 formed by the primary 
scanning lines (rasters) and is recorded as a 

pair of dots, that is, a dot deposited in a dot 
position 231 and a dot deposited in a dot position 
232. Here, the dot positions are diagonally arranged; 
the dot position (d^ 231 is at the top left corner of 
the pixel, and the dot position (d 2 ) 232 is at the 
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bottom left corner of the pixel. In this drawing, the 
dot in the dot position dj and the dot in the dot 
position d 2 do not overlap with each other. In 
reality, however, it is common that the two dots 
partially overlap with each other as shown in Figure 9 
(hatched area). 

Further, in this embodiment, in which a pixel 
p is formed by two rasters (R(n-l) 1 ' R (n-1) 2 )' a 
nozzle pitch 12 is approximately 40 \m (1/600 inch). 
Since the first ejection orifice column group 20 is 
staggered by half a pitch from the second ejection 
orifice column group 30 in the secondary scanning 
direction, an interval 11 between the adjacent two 
rasters is approximately 20 (1/1200 inch). 

When a printing operation is carried out 
using only a single primary color, for example, 
magenta, an image is formed by ejecting a single 
droplet of magenta ink onto the dot position d-^ of 
each pixel p from correspondent ejection orifice of 
the ejection orifice column 22 (hereinafter, Ml), and 
another single droplet of magenta ink onto the dot 
position d 2 of the same pixel p from the correspondent 
ejection orifice of the ejection orifice column 32 
(hereinafter, M2), regardless of the scanning 
direction (in this case, two dots are the same in 
color, and therefore, the order in which two ink 
droplets are ejected does not affect the color 
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exhibited by a combination of the two ink droplets). 

However, when a printing operation is carried 
out in a secondary color, for example, green, as shown 
in Figure 7, an image is formed by ejecting onto each 
pixel p a single droplet of liquid from the 
correspondent ejection orifice of the ejection orifice 
column 23 (hereinafter CI), a single droplet of liquid 
from the correspondent ejection orifice of the 
ejection orifice column 21 (hereinafter, Yl), a single 
droplet of liquid from the correspondent ejection 
orifice of the ejection orifice column 31 
(hereinafter, Y2), and a single droplet of liquid from 
the correspondent ejection orifice of the ejection 
orifice column 33 (hereinafter, C2). 



order in which the ejection orifice columns pass a 
predetermined pixel p on a piece of recording medium 
is CI -> Yl -> Y2 -> C2. Therefore, the liquid droplets 
land on the pixel p in the order shown in Figures 8(a) 

8(d). In the dot position of the pixel p, the 
liquid droplets land in the order of C Y, and 
therefore, cyan color exhibited by the liquid droplet 
which lands first become dominant. On the other hand, 
in the dot position d 2 , the liquid droplets land in 
the order of Y -> C, and therefore, yellow color 
exhibited by the liquid droplet which lands first 
becomes dominant. 



When printing in the forward direction, the 
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When printing in the returning direction, the 
order in which the ejection orifice columns pass a 
predetermined pixel p on a piece of recording medium 
is C2 -» Y2 -» Yl -> CI . Therefore, the liquid droplets 
land on the pixel p in the order shown in Figures 8(e) 

8(h). In the dot position of the pixel p, the 
liquid droplets land in the order of Y C, and 
therefore, yellow color exhibited by the liquid 
droplet which lands first becomes dominant. On the 
other hand, in the dot position d 2 , the liquid 
droplets land in the order of C -> Y, and therefore, 
cyan color exhibited by the liquid droplet which lands 
first becomes dominant. 

As is evident from the above description, in 
a high speed mode, each pixel is always painted by a 
dot dominated by cyan color and by a dot dominated by 
yellow color, regardless of scanning direction, and as 
a result, the pixel appears green, that is, a color 
exhibited by a balanced mixture between cyan and 
yellow. 

In reality, the dot positions d^ and d 2 
overlap with each other across each pixel p and its 
adjacencies. Therefore, when printing in the forward 
direction in a high speed mode, dots are formed in the 
order of cyan dots by the liquid from C2, yellow dots 
by the liquid from Y2, yellow dots by the liquid from 
Yl, and cyan dots by the liquid from CI. When 
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printing in the returning direction, dots are formed 
in the order of cyan dots by the liquid from C2, 
yellow dots by the liquid from Yl, yellow dots by the 
liquid from Y2, and cyan dots by the liquid from C2. 
As described above, the liquid depositing order is 
symmetrical, in other words, the order in which the 
inks are adhered is the same as in the forward 
direction. Therefore, the pixels appears uniformly 
green. In other words, even when printing is 
bidirectional ly carried out, a printed image does not 
appear uneven in color. 



described. In this mode, the resolution in the 
primary scanning direction is 600 pixels per inch, and 
the resolution in the secondary scanning direction is 
1,200 pixels per inch. In monochromatic printing 
(printing in C, M, or Y), a single droplet of liquid 
is ejected per pixel. In this case, the pixels are 
divided into a group painted by a combination of CI, 
Ml, and Yl, and a group painted by a combination of 
C2, M2, and Y2, by masking the image formation area. 
With this arrangement, the pixel density in the 
secondary scanning direction can be made to be 1,200 
per inch, even though the nozzle density in each 
ejection orifice column is 600 per inch. 
Consequently, a highly precise image can be easily 
formed. Also in this high resolution mode, when 



Next, a high resolution mode will be 
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printing in green, for example, pixels coated by a 
combination of CI and Yl (since liquids are adhered to 
recording medium in the order of C and Y, cyan becomes 
dominant) and pixels coated by a combination of C2 and 
Y2 (since liquids are adhered to recording medium in 
the order of Y and C, yellow becomes dominant), are 
present in mixture; pixels different in color are 
present in mixture. However, unevenness in color can 
be reduced to a hardly detectable level by evenly 
distributing the pixels different in color by proper 
masking. 



of the bidirectional printing methods which can be 
carried out with the use of a liquid ejecting head in 
accordance with the present invention. Further, the 
recording mode used with the image forming method 
which uses a liquid ejecting head in accordance with 
the present invention does not need to be limited to 
the above described two recording modes. 
Embodiment 2 



recording head in the second embodiment of the present 
invention, and a recording head cartridge in which 
this recording head is mounted. In the drawings, the 
components and portions which are the same in function 
as those in the first embodiment are given the same 
referential codes as those in the first embodiment, 



The above described recording method is one 



Figures 3 and 4 are drawings which show the 





-27- 



and their detailed descriptions will be not be given. 
Figure 3 is a schematic drawing which depicts the 
essential portion of the recording head. Figure 3(a) 
is a schematic drawing as seen from the top, and 
Figure 3(b) is a schematic drawing which depicts the 
positioning of the ejection orifices. Figure 3(c) is 
a sectional view. Figure 4(a) is a perspective view 
of the recording head illustrated in Figure 3, which 
is fixed to an ink path member 12, and Figure 4(b) is 
a perspective view of an example of a recording head 
cartridge 100 equipped with the recording head 300 in 
accordance with the present invention. Figure 4(c) is 
a perspective view of the recording head cartridge 
illustrated in Figure 4(b), and ink containers 
removably installable in this recording head 
cartridge. 



the first embodiment in that a silicon substrate with 
a crystal face orientation of <110> is used. In this 
embodiment, when forming ink supplying holes 2 and 2a 
by etching, the etching progresses perpendicularly to 
the substrate. Therefore, it is easy to form the ink 
supplying holes 2 and 2a in this embodiment, which are 
uniform in cross-section perpendicular to the 
thickness direction of the substrate as shown in 
Figure 3(c). Thus, the substrate size is determined 
by the patterns formed on the substrate surface, 



Firstly, this embodiment is different from 
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making it possible to further reduce the recording 
head size. Although the ink supplying holes shaped as 
shown in Figure 3(c) can be easily formed by the above 
described etching, they may be formed by other 
methods, for example, sand blasting or laser process. 
When forming the ink supplying holes shaped as shown 
in Figure 3(c) using a method other than etching, it 
is not mandatory to use silicon with a crystal face 
orientation of <110> as the material for the 
substrate. 

Also, in this embodiment, in addition to the 
recording head 300 capable of ejecting the 
aforementioned Y, M, and C inks, a recording head 400 
having ejection orifice columns 40 and 41 for ejecting 
black ink (Bk) is fixed to an ink path member 12, 
forming together a recording head cartridge capable of 
ejecting four inks different in color. Ordinarily, 
black ink is not used to produce secondary colors. 
Therefore, it is unnecessary to symmetrically place 
the two ejection orifice columns for black ink. 
Further, in order to improve the recording speed in 
monochromatic recording, the recording head for black 
ink is provided with a larger number of nozzles than 
the recording heads for the other color inks. 
Further, the ejection orifice columns 40 and 41 are 
arranged so that they also compensate for each other 
in terms of the primary scanning direction as the 

^0 
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ejection orifice columns 21 and 31 do, making it 
possible to record at a resolution level equivalent to 
twice the nozzle arrangement density in each ejection 
orifice column. 

Also in this embodiment, a printing operation 
can be carried out in the recording modes in the above 
described first embodiment . 
Embodiment 3 

Figure 5 is a drawing which shows the 
recording head in the third embodiment of the present 
invention. In this drawing, the components and 
portions which are the same in function as those in 
the first and second embodiments are given the same 
referential codes as those in the first and second 
embodiments, and their detailed descriptions will be 
not be given. Figure 5 is a schematic drawing which 
depicts the essential portion of the recording head. 
Figure 5(a) is a schematic drawing as seen from the 
top, and Figure 5(b) is a schematic drawing which 
depicts the positioning of the ejection orifices. 
Figure 5(c) is a sectional view . 

This embodiment is different from the first 
and second embodiments in that the number of through 
holes provided in the substrate 7 is three. The ink 
supplying holes 2b correspondent to the two outermost 
ejection orifice columns are formed by the edge 
portions of the substrate 7 and the ink path member 
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12. With this arrangement, it is possible to further 
reduce the substrate size of the recording head 300. 
Embodiment 4 

Figure 6 is a drawing which shows the 
recording head in the fourth embodiment of the present 
invention- In this drawing, the components and 
portions which are the same in function as those in 
the first and second embodiments are given the same 
referential codes as those in the first and second 
embodiments, and their detailed descriptions will be 
not be given. Figure 6 is a schematic drawing which 
depicts the essential portion of the recording head. 
Figure 6(a) is a schematic drawing as seen from the 
top, and Figure 6(b) is a sectional view. 

In this embodiment, the ejection orifice 
columns 24 and 34 for ejecting black ink (Bk) are 
placed in the first and second ejection orifice column 
groups , respectively . 

According to this embodiment, the minimum 
requirement for carrying out the recording method for 
reducing the unevenness in color, which was described 
in detail regarding the first embodiment, in a 
bidirectional printing, is that one of each pair of 
ejection orifice columns which deposit liquids in an 
overlapping manner and are different in liquid is 
included in the first group of ejection orifices, and 
the other of the pair is included in the second group 
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of ejection orifices; as long as this requirement is 
satisfied, the aforementioned effect, that is, 
reduction in the unevenness in color, can be realized. 
However, in order to produce an image with far less 
unevenness in color, it is desired that one of each 
pair of ejection orifice columns which eject liquids 
in an overlapping manner, and the other of the pair, 
are symmetrically arranged as in each of the preceding 
embodiments described above. 



described above, the present invention was described 
with reference to cyan, magenta, and yellow inks, 
which are most widely used in the field of ink jet 
recording, as the liquids deposited in an overlapping 
manner. However, cyan, magenta, and yellow inks, 
which are less in saturation, may be included among 
the liquids to be deposited in an overlapping manner. 
Further, the aforementioned of inks of primary color, 
which are deposited in combination to exhibit blue, 
red, and the like colors may be different from those 
used in this embodiment. In other words, the 
combination of liquids described, in this 
specification, different in "type" may a combination 
of inks different in color, as well as a combination 
of inks which are the same in color but different in 
density. 



In each of the preceding embodiments 



In the preceding embodiments of the present 
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invention, the first and second columns of ejection 
orifices were placed on the same orifice plate, or the 
energy transducing elements for ejecting liquid from 
the ejection orifices in the first column, and the 
energy transducing elements for ejecting liquid from 
the ejection orifices in the second column, were 
placed on the same orifice plate. However, the first 
and second columns of ejection orifices may be placed 
on different recording heads which are combined later. 
With this arrangement, all that is necessary is to 
adjust the position of the two heads relative to each 
other to meet the requirements of the present 
invention. Nevertheless, the structures in the 
preceding embodiments are preferable in that they 
eliminate the need for aligning the ejection orifice 
columns in two different recording heads. 
Miscellany 



in which the above described recording heads or 
recording heads in the preceding embodiments of the 
present invention can be installed will be described. 
Figure 10 is a schematic drawing which depicts an 
example of a recording apparatus in which a liquid 
ejecting recording head in accordance with the present 
invention is installable. 

In Figure 10, a head cartridge 100, which is 
removably installable in the recording apparatus, is 



Lastly, a liquid ejecting recording apparatus 
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in the recording apparatus. The head cartridge 100 
has a recording head unit 50, ink containers 200, and 
a connector (unil lust rated) for sending or receiving 
signals for driving the head, and the like. 



installable in a carriage 102 is in the predetermined 
position in the carriage 102. The carriage 102 is 
provided with an electrical connector portion, through 
which and the aforementioned connector of the head 
cartridge, driving signals and the like are 
transmitted to the cartridge 100. 



shaft 103 provided in the main assembly of the 
recording apparatus, extending in the primary scanning 
direction, and is guided by the guide shaft 103 in a 
reciprocative manner. It is driven by a primary 
scanning motor 104 through a driving mechanism 
comprising a motor pulley 105, a follower pulley 106, 
a timing belt 107, and the like, while being 
controlled in terms of its position. Further, it is 
provided with a home position sensor 130. The 
provision of the home position sensor 130 makes it 
possible to detect the position of the carriage 102 
when the home position sensor 130 of the carriage 102 
passes a shielding plate 136. 

As a pickup roller 131 is rotated by a sheet 
feeder motor 135 through a gear train, recording media 



The head cartridge, which is removably 



The carriage 102 is supported by a guide 
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108 such as pieces of printing paper, thin plate of 
plastic, or the like, are fed into the main assembly 
of the recording apparatus, while being separated one 
by one, by an automatic sheet feeder (hereinafter, 
ASF). Then, each recording medium 108 is conveyed (in 
the secondary scanning direction) through the position 
(printing station) where it faces the head cartridge 
surface with ejection orifices by the rotation of a 
pair of conveyer rollers 109. The conveyer rollers 

109 are rotated by the rotation of an LF motor 134. 
During this conveyance of the recording medium 103, 
whether or not a recording medium 108 is fed, and 
whether or not the leading edge of the recording 
medium 108 is properly positioned in terms of timing 
and location, are determined when the recording medium 
108 passes a paper end sensor 133, which also is used 
to determine where the true trailing end of the 
recording medium 108 is present, in order to 
ultimately determine the current recording point on 
the recording medium 108. 



behind by a platen (unillustrated) so that it forms a 
flat printing surface in the printing station. 
Incidentally, after being installed in the carriage 
102, the head cartridge 100 is held in such a manner 
that its portion with the surface with the ejection 
orifices projects downward from the carriage 102, with 



The recording medium 108 is supported from 
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the surface with the ejection orifices being parallel 
to the recording medium 108 stretched between the 
aforementioned pair of conveyer rollers. 



carriage 1 in such a manner that the direction of the 
ejection orifice column becomes different from the 
direction in which the carriage is moved in the 
scanning manner, and recording is effected by ejecting 
liquid from these columns of ejection orifices. 
Although the head cartridges 100 in the preceding 
embodiments were provided electrothermal transducers 
for generating the thermal energy used for ejecting 
ink, it is obvious that ink may be ejected using a 
method different from the electrothermal transducer 
based method, for example, a method in which ink is 
ejected using piezoelectric elements. 



reference to the structures disclosed herein, it is 
not confined to the details set forth, and this 
application is intended to cover such modifications or 
changes as may come within the purposes of the 
improvements or the scope of the following claims. 



The head cartridge 100 is mounted in the 



While the invention has been described with 




